Observations during the Coastal Transition Zone (CTZ) experiment in summer 1988 reveal the presence of deep phytoplankton layers in a coastal upwelling system. The layers occur throughout the CTZ study area, including a strong baroclinic jet which was present over the period of the experiment. On the basis of a variety of bio-optical, hydrographic, and geochemical indicators, it is concluded that the water masses associated with the layers result from subduction processes. Criteria are developed for identification of subducted water masses based on the beam attenuation coefficient, chlorophyll fluorescence, and distribution of light in the water column. Temperature-salinity characteristics are consistent with two source regions for the subducted layers, one nearshore and a second farther offshore. Most of the layers correspond to the inshore source which is apparently distributed alongshore. Subducted water masses are found in all six grid surveys of the CTZ experiment and '} .
rected at observing physical, biological, and chemical distributions in the offshore jet with some limited sampling outside the jet (station locations are indicated by triangles in Figure 5 ). The period of this "process sampling" was 18 days (July 4 to July 21) and coincided with the first two hydrographic grid surveys of the Point Sur which were conducted from July 6 to 18.
Measured variables from all vessels include conductivity, temperature, depth, chlorophyll fluorescence, beam transmission and meteorological observations. Fluorometers and transmissometers were manufactured by Sea Tech, Inc., of Corvallis, Oregon, and each transmissometer has a 0.25-m path length with a 660-nm-wavelength light source. Rosettes with Niskin bottles were used in conjunction with the conductivity-temperature-depth (CTD) instrumentation to provide bottle sampling for salinity calibration, dissolved 02, nutrients, chlorophyll, and pigments. Continuous profiles of photosynthetically available radiation (PAR) were made from the Thomas Washington using a sensor manufactured by Biospherical Instruments, Inc., of San Diego, California.
EVIDENCE FOR SUBDUCTION
The primary evidence for subduction processes discussed here is layers of phytoplankton which are observed at depths below the euphotic zone. Because phytoplankton are green plants, they require light for photosynthesis and grow in the illuminated layers of the upper ocean. The presence of phytoplankton in the water column is detected by a combination of chlorophyll fluorescence and beam attenuation coefficient (beam c) profiles. Beam c is a quantitative measure of water column turbidity which depends upon various aspects of the particle field such as particle concentrations, Anderson, 1969; Cullen, 1982] . They may result from a number of processes such as an increase in phytoplankton biomass due to growth at the intersection of the euphotic zone and nutricline [Herbland and Voituriez, 1979] . Two other possibilities are photoadaptation, where the chlorophyll per cell increases in response to low light conditions [Prezelin, 1981; Beers et at., 1975] , or variability in fluorescence yield of the phytoplankton [Kiefer, 1973] . At station E4 and nearby stations the increase in beam c indicates increased biomass, while the fluorescence per unit chlorophyll, or fluorescence yield, is relatively constant throughout the water column. However, the chlorophyll per unit beam c increases with depth at E4 and suggests that the chlorophyll content per cell or per unit biomass also increases with depth. Because phytoplankton require light for growth and reproduction, it is unlikely that local production of particles by photosynthesis can account for particle layers below the euphotic zone. These correspond to the hatched regions of Figure 3c , particularly those below the 0.1% light level (cross-hatched region). This suggests that other processes are responsible for these deep layers, such as vertical circulation out of the euphotic zone, particle sinking, resuspension of bottom sediments containing chlorophyll, or diapycnal mixing. We have no microstructure measurements to assess diapycnal mixing rate and assume that this is not an important mechanism for vertical particle transport here.
The hypothesis that vertical circulation, or subduction, accounts for these layers has been investigated by Kadko et al. It is possible that particle sinking may work in combination with subduction processes in layer formation. In nearshore areas where chlorophyll concentrations are large, particle coagulation effects may be important [Jackson, 1991] and could result in much higher sinking rates, greater than 100 m d -I [Smetacek, 1985] . However, the coagulated particles would have to have combined effective densities equal to the seawater density at some point in the water column to remain suspended. Otherwise, they would sink to comparing signal levels in fluorescent layers with minimum observed levels which are taken to be the instrumental noise level. Minimum signal thresholds are derived from all of the survey data and are used in identifying subducted water masses. It proved impractical to use a uniform chlorophyll or total pigment concentration as a criterion for these data because of high scatter in the observed relationship between fluorescence voltage and pigment concentrations derived from bottle samples. Much of this scatter is apparently due to regional differences in the regression coefficients and may result from differences in phytoplankton species composition [Hood, 1990] . To search for subducted water masses, all of the CTZ data sets were sorted on the basis of the criteria developed above.
Profiles from all surveys identified as containing subducted layers were individually examined to verify that noise spikes or other data problems were not present. This sorting procedure also identified a few layers near the seafloor with relatively high beam c but very weak fluorescence levels that barely exceeded the threshold. Water properties of these points are typical of the ambient deep water and they are usually found at depths exceeding 300 m. These points were excluded from the analysis. layers probably originate in the euphotic zone away from where they are observed. Because isopycnals slope steeply upward toward the coast in the CTZ area, some lie within the euphotic zone nearshore but at much greater depths farther offshore (Figures 7b and 8b) . We hypothesize that these inshore areas where the isopycnals rise into the euphotic zone are the major source regions for the phytoplankton and subducted water masses, although some sources probably lie to the north of the area covered by the surveys. Use of the term "source region" for subducted water masses simply means that they were near the surface there. If the deep phytoplankton layers originate near shore, then the O-S relationships in the layers found offshore should be similar to those nearshore in the euphotic zone if isopycnal and diapycnal mixing rates are not too large and if particle sinking is not important. For purposes of tracing vertical water mass movement, the phytoplankton act as a dye identifying water masses that have previously been in the euphotic zone. The O-S characteristics are potentially useful for tracing horizontal movement of these water masses if remote source regions can be unambiguously identified in 0 and $. In contrast to 0 and $, which are conservative away from the mixed layer, beam c and fluorescence levels are likely to change substantially since phytoplankton concentrations are nonconservative over time scales of a few days and levels change as a result of a variety of processes such as 
